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Abstract 
Unlike other sectors, energy consumption of the transport is increasing in most EU countries. The article investigates the energy 
intensity of the transportation sector in the countries of the European Union during the period 1994–2009. The estimates are 
carried out both for one-year and five-year periods for EU-27, EU-15 and EU-12 countries. The estimated half-life of the 
conditional β-convergence is close to 4 years in all groups. However, there is a large difference in the implied speed of 
convergence between the conditional and unconditional estimates in the EU-15 group, indicating the distinct convergence 
patterns the individual EU-15 countries. 
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1. Introduction 
The energy intensity, the ratio between energy consumption and the output, is one of the most frequent indicators 
in the international energy policy comparisons. It is, however, necessary to take into the account this ratio is 
typically considered as a bulk aggregate for a vastly different use of energy in a given country.  
However, the energy intensity indicator takes into the account not only the energy efficiency, but also the 
economic structure (in fact, even the methods of aggregation of energy flows can affect analytical results, as 
discussed e.g. in Cleveland et al. (2000)).  
It is questionable whether the apparently higher energy intensity indicator in the countries with different 
economic structure is a reason for concern or not.  
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From the policy viewpoint, the more appropriate question should be (in general terms) to find out if there is a 
significant difference between the energy intensity in a given set of activities. This might serve as a basis for the 
consequent decision whether there is a potential for a particular energy efficiency improvement in a given area of 
activities.   
This paper seeks to investigate such a sector-specific transport energy intensity, defined as the energy 
consumption required to generate a unit of value added in the transportation sector. The motivation for the sector-
specific investigation stems from the fact the transport sector exhibits the most prominent changes in the energy 
consumption during the past 20 years in basically all EU countries (see Figure 1). In other words, while the energy 
consumption in most area is decreasing or relatively stable, the energy consumption of transport is increasing.  
In contrast, the Energy Policy for Europe (the official energy policy strategy of the European Union, adopted in 
2007) has set up a goal to reduce the energy consumption by increasing energy efficiency by 20 % by the year 2020.  
The typical trouble regarding the energy intensity lies in the definition of the variables. This mainly concerns the 
measure of output. Typically the value of the output is measured in the monetary terms. In the aggregate studies, the 
real GDP is the most prominent choice. It is arguably the best choice for the international comparison, because there 
is little possibility of method-based bias, as the GDP statistics are well covered even in the developing countries, 
often available for the long periods, and (for countries with free floating exchange rate) objectively comparable in 
the absolute terms.  
However, given the fact that the same unit of a given currency can have quite different buying power in various 
countries, there is a strong inclination to recalculate the output with the aid of the purchasing power parity. This 
approach has valuable merits if the main objective of the investigation is the quality of living.  
With the upswing of the environmental concerns regarding the global warming, the former approach is more 
relevant for the international level policy commitments. Typically, the focus on the public support of the energy 
efficiency programs is expected to lower the energy intensity. 
The dichotomy between the energy intensity and the energy efficiency is often not recognized and they are often 
considered interchangeable (with one being the inverse of the other).  
The (thermal) efficiency (also called second-law efficiency or exergy efficiency) is usually related to the 
transformation of energy, i.e. in the sense how much of a useful energy (typically a work in the physics definition) 
can be obtained with a given input (typically some fuel).  
That is somewhat close, but not exactly the same, as the viewpoint of a typical energy policy. In IEA definition, 
the “Energy efficiency is a way of managing and restraining the growth in energy consumption. Something is more 
energy efficient if it delivers more services for the same energy input, or the same services for less energy input” 
(IEA, 2013). There is, however, a wide range of definitions of energy efficiency measures. For instance Bosseboeuf 
et al. (1997) used bottom-up approach to define roughly 600 comparable energy efficiency indicators. In this study, 
the transport energy intensity in the EU countries is examined.  
One of the typical problems regarding the output is whether it should be measured in physical quantities or 
money equivalents. The former is often associated with the technological efficiency measures. However, if we wish 
to study the transport sector as a whole, it is difficult to measure the output of freight and passenger transport on the 
same scale. If the latter approach is preferred, should the international comparisons be considered with the nominal 
exchange rates, or exchange rates computed with the purchasing power in mind?  
Regarding the transport sector, the former approach faces a challenge in comparing the output of passenger and 
freight outputs. While it is technologically plausible to construct a conversion coefficients between the two, it 
ignores the differences between the demand factors between the two.  
This study chooses the latter approach, focusing on the monetary value of transportation activity. This allows to 
differentiate between different quality of transport per unit of distance and might be considered economically 
sensible.  
But the aggregation of the energy is not without perils as well. Its benefit is relatively simple to calculate based 
on the well-defined accounting system and it can be considered objective from the physical viewpoint, so there is no 
controversy in the measurement. Most of the modeling in the energy economics is based on such aggregates and it is 
used in national energy accounts.  
However, we can observe the same thermal equivalent unit of various fuels are sold for different prices. The 
basic economic laws dictate the consumers would be unwilling to pay higher price for the perfect substitute, which 
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would necessarily lead to the same thermal equivalent pricing of various fuels, on the condition it is only the thermal 
equivalent of a fuel that matters for the consumer. These price differences show the typical choice of the thermal 
equivalent of energy seems to be lacking the potential to differentiate with respect to the quality of energy. The 
quality of energy describes the ease of transformation from one type of energy to another. Electricity is a typical 
energy of high quality. It is easily transformed to heat or to kinetic energy. On the other hand, it is much harder to 
transform the heat to electricity.  
Therefore, the optimal modeling strategy would either be able to differentiate the transport activities based on the 
types of fuels used, or employ some kind of conversion factors considering the different quality. Unfortunately, the 
statistical coverage of transport sector is not as detailed. Perhaps a in-depth investigation of individual transport 
companies might provide such data, but it is a far cry to expect this kind of detail over sufficiently long time sample 
collected with comparable methodology in multiple countries. As such, the analysis is inherently limited to the 
aggregated data.  
This article focuses on one of the aspects of the apparent decoupling of energy use, namely the decreasing energy 
intensity. It acknowledges the problems of aggregation and therefore focuses on more narrowly expressed indicator.  
The research hypothesis of the article is whether there is an observable β-convergence in the transport energy 
intensity in the EU countries (see the Figure 2 for the development of the energy intensity in the transportation 
sector in the EU country groups, suggesting there might be a convergence taking place).  
The concept of convergence was first introduced by Barro and Sala-i Martin (1992) and Mankiw et al. (1992) in 
the context of the macroeconomic growth theory. Islam (2003) provides an overview of the methods of 
convergence.  
The energy intensity development studies have been investigated e.g. in Jorgenson (1986); Howarth et al. (1991); 
Schipper and Meyers (1992); Galli (1998); Unander et al. (1999); Miketa (2001); Fankhauser and Cornillie (2004); 
Horowitz (2004) or Ma and Stern (2008). Typically these studies employed some form of decomposition of energy 
use or attempted to link the development of energy use with some other factors, but have not studied the 
convergence itself. 
The energy intensity convergence studies apply the similar methods as those investigating income convergence, 
but obviously the variable in question is the energy intensity. 
Only recently the attempts to apply the concept of convergence in the energy economics field emerged – the 
investigation of the intensity convergence can be found in the studies by Mulder and de Groot (2003); Markandya et 
al. (2006); Miketa and Mulder (2005); Ezcurra (2007); Liddle (2009, 2010) and Mulder and de Groot (2012).  
Among those, Markandya et al. (2006) is probably the most similar study in terms of subject and methodology.  
Most of the energy intensity investigations focused on the aggregate values. Some studies also incorporated 
sectoral level – e.g. the manufacturing intensity convergence (Miketa and Mulder, 2005) or electricity intensity 
convergence (Liddle (2009) in industry, commercial and residential sectors).  
Only Mulder and de Groot (2003) included the transport sector in their sample (note that a somewhat similar 
study by Mulder and de Groot (2012) excluded the commercial transport due to the data limitations) and conclude 
with an evidence for β-convergence with the implied speeds of 0.0173 for the unconditional convergence and 0.1989 
for the conditional convergence (for a panel of 14 OECD countries). 
202   Vladimír Hajko /  Procedia Economics and Finance  12 ( 2014 )  199 – 205 
 
Fig. 1. The energy consumption shares in EU countries, 1990–2011. 
 
Fig. 2. Transportation sector energy intensity, 1995–2009. 
2. Methodology 
The term β-convergence refers to an observable correlation between the growth rates and levels of a given 
variable. It is indeed difficult to observe or determine whether a given country is in the so-called steady state at a 
given time. However, observing a negative correlation between the level of energy intensity and the growth rate is 
an indication for the situation when the countries with relatively high energy intensity “catch up” with the more 
energy efficient economies – i.e. a convergence pattern (the higher the initial level, the faster the decline of the 
indicator).  
The reasoning for such a pattern lies in the potential benefits that can be gained from the higher energy efficiency 
and increased productivity.  
This analysis estimates both the unconditional convergence and conditional convergence.  
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Unconditional convergence assumes the energy-intensity converges towards a unique steady state for all the 
countries included in the dataset: 
   , , 1 ,log logi t i t i tEI EID E H'       (1) 
Conditional convergence assumes multiple steady states that are conditional on country-specific characteristics 
iP : 
   , , 1 ,log logi t i i t i tEI EIP E H'       (2) 
Instead of the actual estimated E  coefficient, two different measures of the convergence speed are often reported 
– the so called implied speed of convergence (typically denoted O ) and the half-life of convergence (H).  
The implied speed of convergence is derived from the approximation around the steady state (denoted by *EI ): 
       *log log logEI t EI EI tt Ow ª º ¬ ¼w   (3) 
which implies  
         *log 1 log log 0t tEI t e EI e EIO O      (4) 
where  0EI is the energy intensity at the initial time.  
 
This can be written as: 
             *log log 0 1 log log 0tEI t EI e EI EIO      (4) 
If we substitute 1 te O E  , we can derive the implied speed from the estimates from Equation 1 (or 
Equation 2) given by   1 log 1T bO    : , where T represents the time span.  
The half life (H) can be derived from the expression 0.5He O  , or   1log 2He O O  . This is the 
approximate number of years it would take for half of the current disparities to be eliminated.  
Data for the analysis are available from the Eurostat office (table TSDPC320 and database nama_nace60_c). The 
energy consumption is measured in 1 000 tons of oil equivalent, the gross value added is measured at basic prices in 
millions of Euro (from 1.1.1999) / Millions of ECU (up to 31.12.1998). The energy intensity was computed as the 
kg of oil equivalent necessary to produce 1 Euro of Value Added in the transportation sector.  
The estimations were performed for the panels of EU-27†, EU-15‡ and EU-12.§. Apart from the one year 
estimation (T=1) window the estimations were also done for the 5 year periods (T=5) as recommended in 
Islam (2003). This modification should help the error term to be less influenced by the business-cycle fluctuations 
and serial correlations. 
 
 
† All EU member countries. 
‡ Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden and 
United Kingdom. 
§ Bulgaria, Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Romania, Slovakia and Slovenia. 
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3. Results 
The results of the estimations are summarized in Table 1 and Table 2. The 5 year estimation windows seem to be 
more appropriate for the identification. 
The results also show the inclusion of the country-specific fixed effects improves the explanatory power and 
provide better description of the convergence. But it also shows there is a disparity between the steady state growth 
paths of the individual countries in the groups. This is quite apparent especially among the EU-15 country group, 
with significant changes in the half-lives between the conditional and unconditional estimates.  
The implied convergence half-lives are in the vicinity of 4 years for the conditional convergence in all groups, 
regardless of the length of T.  
  Table 1. Estimation results 
Unconditional Conditional Unconditional Conditional 
T=1 T=1 T=5 T=5 
EU-27 −0.105 −0.177 −0.419 −0.555 
t-stat −8.404 −6.231 −19.769 −14.879 
Adj. R2 0.150 0.201 0.550 0.772 
EU-15 −0.042 −0.147 −0.119 −0.541 
t-stat −3.202 −5.654 −3.627 −10.205 
Adj. R2 0.041 0.130 0.064 0.534 
EU-12 −0.150 −0.183 −0.558 −0.557 
t-stat −6.116 −6.416 −16.610 −16.426 
Adj. R2 0.169 0.187 0.663 0.766 
  Table 2. Implied speeds (λ) and half-lives (H) 
Unconditional Conditional Unconditional Conditional 
T=1 T=1 T=5 T=5 
λ, EU-27 0.111 0.195 0.109 0.162 
H, EU-27 6.3 3.6 6.4 4.3 
λ, EU-15 0.043 0.159 0.025 0.156 
H, EU-15 16.3 4.4 27.3 4.4 
λ, EU-12 0.162 0.202 0.163 0.163 
H, EU-12 4.3 3.4 4.2 4.3 
4. Conclusion 
This article applied the unconditional and conditional convergence estimates among the EU-27, EU-15 and EU-
12 country groups during the period 1994–2009.  
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The results show there is an evidence for the β-convergence among all examined country groups. However, the 
significant changes between the conditional and unconditional convergence in the EU-15 country group indicate 
there is a strong disparity among the energy intensity growth paths in the EU-15 countries (a similar result can be 
found in Hajko (2013c), regarding the aggregate values of energy intensity).  
Unlike the aggregate results in Hajko (2013c), indicating the half-lives in the vicinity of 20 years, the transport-
specific energy intensity shows much closer convergence pattern, with half-lives around 4 years.  
This disparity indicates the energy policy should pay closer attention to the more detailed breakdown of 
indicators. The additional research is needed before the actual policy recommendation can be drawn, but it might be 
useful to further enhance the analysis with the aid of decomposition methods to adjust the overall and sector specific 
energy intensities (see the example of the industrial energy consumption in Hajko (2013b)). 
Furthermore, it might be desirable to consider the formation of specific outlier group (for instance for the 
Luxembourg with nearly double of the average energy intensity of the other EU-15 countries). 
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